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In high jump sport, approach speed is one (1) of the important parameters to maintain 
the speed as well as to gain good momentum at the ankle during the  
take-off. The good approach speed can prevent injury at the ankle for the athlete.  
Today, high jump athletes still use high-speed camera to guide them in training by 
capturing all of the athletes’ movements. This is because, there is no wearable device 
that can monitor the athlete performance during the training in real-time. Thus, the 
aim of this study is to develop a wearable Internet of things (IoTs) device that 
measures the speed during the approach speed and force during the take-off to help 
athletes to improve the performances and prevent injury at the ankle during take-off. 
This IoT device has implemented real-time monitoring systems (RtMS) that used 
IoTs as a connectivity which includes input, process and output. The input consists of 
global positioning system (GPS) sensor attached to the waist and force sensors 
placed at the bottom of the ankle as a wireless input for data capturing. These data is 
then being processed by microcontroller units (MCUs) with an embedded Wi-Fi 
module on the same chip that has been programmed and the results obtained are 
displayed on the mobile application (app). Other than that, there is a vibrator motor 
placed near the GPS sensor which acts as an actuator output that will vibrate 
according to the speed setting of the athletes. Apart from that, the latency and 
throughput of the two (2) different MCUs were also measured and compared to 
investigate the network transmission issues during the sport event. The ESP8266 
MCU has been selected as the result shows that it has high throughput, low latency 
and small in terms of size compared to Arduino Yun Mini MCU. This system  
shows a significant result when intermediate athletes tested the devices with and 
without using the alarm system. Hence, it is shown that the implementation  
of wearable devices that monitored speed and force parameter helps to improve  



















Dalam sukan lompat tinggi, kelajuan adalah satu (1) parameter penting untuk 
mengekalkan kelajuan dan mendapat momentum yang baik di pergelangan kaki semasa 
melompat. Kelajuan yang baik boleh mengelakkan kecederaan di bahagian pergelangan 
kaki atlet. Pada hari ini, atlet lompat tinggi masih menggunakan kamera berkelajuan 
tinggi semasa latihan dengan merekod semua gerakan atlet. Ini kerana, tiada peranti 
boleh pakai yang boleh memantau prestasi atlet semasa latihan pada masa nyata.  
Oleh itu, tujuan kajian ini adalah untuk membangunkan satu (1) Objek Rangkaian 
Internet (IoT) peranti boleh pakai yang mengukur kelajuan semasa pendekatan kelajuan 
dan daya semasa lonjakan untuk membantu atlet bagi meningkatkan prestasi dan 
mengelakkan kecederaan di pergelangan kaki semasa lonjakan. Peranti IoT ini telah 
melaksanakan sistem pemantauan masa nyata (RtMS) yang menggunakan IoT sebagai 
sambungan dan mempunyai input, proses dan output. Input yang terdiri daripada 
pengesan sistem kedudukan global (GPS) yang melekat di pinggang dan daya pengesan 
diletakkan di bawah buku lali sebagai simpanan data input tanpa wayar. Data ini 
kemudiannya diproses oleh unit pengawal mikro (MCU) dengan modul Wi-Fi yang 
dibina di cip yang sama diprogramkan, dan keputusan yang diperolehi telah dipaparkan 
melalui aplikasi (app) mudah alih. Selain itu, terdapat satu (1) motor penggetar 
diletakkan bersama pengesan GPS sebagai output penggerak yang akan bergetar 
mengikut tetapan kelajuan atlet. Seterusnya, kependaman dan pemprosesan untuk  
dua (2) MCU yang berbeza telah diuji dan dibandingkan untuk mengkaji isu-isu 
penghantaran rangkaian semasa acara sukan. MCU ESP8266 telah dipilih, kerana 
keputusan menunjukkan ia mempunyai pemprosesan yang tinggi, kependaman rendah 
dan kecil dari segi saiz berbanding MCU Arduino Yun Mini. Sistem ini menunjukkan 
hasil yang ketara apabila atlet pertengahan menguji peranti dengan dan tanpa 
menggunakan sistem penggera. Oleh itu, ini menunjukkan bahawa pelaksanaan peranti 
boleh pakai yang memantau parameter kelajuan dan daya lonjakan dapat membantu 
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Internet of thing (IoT) devices have its own attraction in the production and research 
community. Along the last decade, there has been increasing maximisation of the 
production margin profit by the development of the wearable device that help in 
many sports areas like run, football, basketball and tennis [1].   
In addition to these sports application development, variety of system 
prototypes and marketable products have been produced to handle user's demand 
which aim to provide real-time data for health condition information gained from the 
athlete or improvement data to increase the athlete performance or technique. These 
data are very useful to the coach, to monitor their athletes progress activities and to 
change the method of training from low to high performance in winning the sports 
competition. There are a lot of wearable sports device [1]–[6] in the world. However, 
there is no wearable device for high jump athletes. Most of the device are focussing 
on bigger sports competition like football and run [7]–[9].  
1.2 High Jump Sport 
High jump [10] is one (1) of the track and field sports in which the athletes must 
jump individually over a horizontal bar placed at measured heights without  
dislodging it. At the professional level, athletes run towards the bar and use the 
Fosbury Flop method of jumping, leaping head first with their back to the bar. The 
simplest technique for clearing the bar is the “Scissors Style”, in which a straight 
run-up is used. Then, the evolution of high jump techniques has been improved by 
the following techniques known as the “Western Roll”, the “Straddle” and the last is 














Figure 1.1: Techniques used by high jump athletes [10]. 
To complete the jump, athletes need to perform three (3) stages of actions 
including approach run, take-off jump and the flight phase. These actions are 
illustrated in Figure 1.2. The approach run is the main important part to the high 
jump, most athletes [10], [11] perform the run at speed of 7ms-1 before the take-off. 
The speed is used to control the take-off jump. Most intermediates and professionals 
can run at more than 7ms-1 [12]. During the run, the athlete will continue to speed up 
in a straight line until they reach the J-turn. Athletes tend to slow down from 
approach run to take-off and the body will bend down slightly inward at a J-turn to 
create a force at take-off, which slows down the athlete, hence it minimises the speed 














Figure 1.2: Overall stages to complete the high jump. 
At the second stage, the take-off is done at moderate speed. To achieve the 
best jump during take-off, athlete needs to use centrifugal force to get around the  
J-turn and jump to cross the bar as illustrated in Figure 1.3. Many athletes are unable 
to perform the jump at maximum height due to the overuse of the ankle. This is due 
to some of them running below or more than the moderate speed. The low approach 
speed can cause high pressure to the ankle that causes the athlete to be unable to 
provide momentum to the body before the take-off [17]. Meanwhile, high approach 
speed can cause uncontrollable jump that will affect the body flight phase as it will 














Figure 1.3: High jump take-off position [10]. 
The last stage is the flight phase which is common among most of the athletes 
to cross the bar. At the flight or jump phase that takes place after the take-off; to get 
to this stage, the athlete must swirl around the axis of the horizontal bar line until 
their backs are over the bar as they cross it. The athlete needs to curl out the body by 
approaching the bar and then curl in the body after passing the bar as shown in 
Figure 1.4. Then, it finishes with the landing of the athlete behind their upper body 
on the landing mat.  
 
Figure 1.4: High jump body position during the flight phase [10]. 
1.3 Conventional High Jump Sport Monitoring System 
The high jump athletic performance and improvement of the record level depend on 
many variables. Conventionally, most of the high jump athletes used vision system 













Figure 1.5. However, these data need to be analysed by the researchers first, before 
the final result are produced and given to the coaches and athletes. This outdated 
vision system is inefficient and costly.  
 
 
Figure 1.5: Vision system used in high jump sport [11]–[13], [17]–[27]. 
In the recent years, high jump athletes performances were analysed by using 
high speed camera to capture the approach speed, take-off force and angle of the leg 
during the jump [10], [13], [20], [22]–[24], [28]. Table 1.1 demonstrated high jump 
parameters detection using high speed camera. The data captured by the high-speed 
camera are in raw data. Thus, it needs to be simplified using algorithms to make it 
user-friendly for athletes and coaches to visualise and analyse the data every time the 
procedure ends which results in the waste of time. The experimental procedure is 
only capable to be carried out by professional technical support that is responsible to 
setup and calibrate the camera. Other than that, this procedure is high in cost as the 
sports institution needs to have a good financial support to pay for the expensive and 
high maintenance of the high-speed camera, and also the professional technical 
















Table 1.1: High jump parameters detection using high-speed camera. 
Year High-speed camera 
Parameters 
Refs. 
Speed Force Angle 
1997 
Prisma Millipede III, Apex Target and 
HR48TDS 
   [10] 
2005 Panasonic MS2 sVHS    [13] 
2006 Digital JVC DVL 9800    [20] 
2007 Panasonic (NV-GS400) DV     [22] 
2010 Mikrotron motion blitz cube eco-1    [23] 
2010 N/A    [28] 
2011 Sony VX1000 and NAC HSV-400    [24] 
 
Thus, to improve the system, real-time monitoring system (RtMS) is used to 
provide real-time result, with the advanced wireless communication technology that 
communicate using wireless networks for activity recognition. Currently, RtMS [6], 
[29]–[44] has been applied to various applications and it is also an important 
practical value for sports. It enables data administrators to review all processes and 
functions performed on the data in real-time and it can also be monitored through bar 
and graphical charts on a main monitor interface.   
In sports, injury is inevitable, hence prevention is better than cure.  
The similar risk magnitude exists in this high jump sport where injuries tend to 
happen while jumping. Percentage of jumper to get injured is very high due to the 
fallibility of athlete jumping themselves [45]. Accidents, poor training practices, or 
improper gear can cause some athletes to get hurt due to their fitness level like not 
practicing warming up or enough stretching that can lead to injuries [46]. 
Due to these concerns, high-performance and low-injury are crucial not only 
for athletes but also coaches. The coach needs to train the athletes to improve their 
performances at maximum level to win the game. However, to do that, it can cause 
injury to the athletes if they exceed their limit. Currently, most of the study such as in 
[13], [14], [16], [23] used a computer simulation model to investigate various 
considerations that affect optimum peak height and torque in a high jump. This study 
explains the improvement of the athlete who jumps at maximum height with a strong 
torque. Unfortunately, there is no hardware implementation of high-performance and 
low-injury to monitor both parties; athlete and coach.   
To paint a comprehensive picture of the central issues in high jump sport 
monitoring system, several research papers have been analysed and then illustrated in 















Figure 1.6: Survey on high jump sport. 
1990 2000 2003 2005 2006 2007 2010 2011 2013 2016
 Optimum take-off 
techniques for high 
and long jumps 
Alexander xx 
 The influence  of 
touchdown parameters on 
the performance of a high 
jumper 
Grieg & Yeadon xx
 Rearfoot kinematics during 
initial take-off of elite high 
jumpers: estimation of spatial 
position and orientation of 
subtalar  axis 
Van Gheluwe et al.  xx
 Why do high jumpers 
use a curved approach? 
Tan & Yeadon xx
 Variability of  high jump 
kinematic parameters in 
longitudina l follow-up 
Blažević et al.  xx
 Considerations that affect 
optimised simulation in a  
running jump for height 
Wilson et al. xx
 Biomechanical characteristics 
of take off action in high jump 
- A case study 
Coh xx
 Determination of subject-
specific model parameters 
for visco-elastic elements 
Wilson et al. xx
 The effects of initial 
conditions and takeoff 
technique on running 
jumps for height and 
distance 
Wilson et al. xx
 Biomechanical analysis of 
the high jump at the 2005 
IAAF World Championships 
in Athletics 
Isolehto et al. xx
 High jump analysis 
Cooke xx
 Joint work of the  take-off leg 
during elite high jump 
Goldmann et al. xx
 Testing kinematic and 
ergometer parameters for 
performing the phase contact-
beat - Impulse to the high 
jump 




























1.4 Real-time Monitoring System 
In computer science, real-time system (RtS) [6] is the data that are transferred 
instantly after the collection from certain input devices. There is a small process 
delay called latency between input data collection and output data desired in the 
timeliness of the information transported. RtS data is regularly used for navigation or 
tracking like GPS sensor that detects the current location of the object. Meanwhile, 
non-real time system (NRtS) is a term referred to define a method or result that 
incapable occurs immediately. For example, in sport, camera is used as hardware to 
capture the data of the athlete during training. The data are then being analysed to 
produce the results by the researcher and this process could be considered NRtS as 
researchers are regularly unable to produce the results immediately and it 
occasionally takes more than hours or even days [23]. 
RtS is also frequently connected with the monitoring system. It is the 
systematic observation and recording of events taking place in a task or programme. 
It is a technique of consistently collecting data information on all aspects of the 
monitoring project. Monitoring devices are used to constantly keep track on the 
status of the system in use. For example, servers, networks, databases, security, 
performance, website, internet usage and applications are tools that maintain the 
monitoring system. 
Whereas, real-time monitoring system (RtMS) is a combination of process 
between real-time and monitoring system by which an administrator is able to 
analyse, evaluate and adjust the accumulation, removal, modification and use of data 
on software, database or system. It allows data administrators to analyse the whole 
progressions and tasks implemented on the information in real-time.  
Currently, RtMS is used at large in sports application [30], [34], [37], [41], 
[47]. Sport like football used RtMS to calculate and identify a potential injury, or 
avoid injury to improve performance in a game [30]. Other than that, a study has 
been implemented to monitor real-time data of the swimming athletes to improve any 
particular physiological or psychological limitation that possibly gave athletes a 
winning edge above their opponents [34]. The feasibility of smartphones are also 
used in a real-time monitoring environment for sports applications [37] and the real-
time analysis of sweat and sodium levels during exercise is developed to handle the 













implemented to observe and improve the jump landing performance to make the 
training more efficient [47].  
The benefit of RtMS is that there is no major latency in response. The data 
are continuously up to date therefore providing the administration the ability to 
control immediate action while responding to result, problem or situation in the 
direct conceivable period of time. It could also give the administration the ability to 
improve understandings from the resourceful data to distinguish patterns for potential 
identification of either chances or threats to the system. 
1.5 Wearable Devices 
Semiconductor companies start to develop many types of device that are small and 
slim, to fit the human body without disturbing their body movement. The advanced 
biotechnology sensor  implemented in the wearable devices [48], has their own 
purpose and it is capable to detect the human needs in their daily lifestyle like step 
tracking, pulse detection, position, calories burned and a lot more. The used of 
microcontroller unit (MCU) in wearable devices acts as the main controller to control 
the specific input of sensors and output of actuators. This MCU can be used in 
wearable device [29] to communicate to Internet or synchronise the data to the 
smartphone or directly to cloud server via wireless or wired communication systems 
as shown in Figure 1.7. The wired system has been widely used in the recent decade, 
but it has been slowly changed to wireless system such as the use of Bluetooth and 
wireless-fidelity (Wi-Fi). This is because, Bluetooth and Wi-Fi are more convenient 
to the user’s perspective and easy to connect. It minimises the cost production of 














Figure 1.7: Example of wearable device. 
Mobile applications (apps) are among the common downloaded applications 
every day that connect people throughout the Internet via social media like 
Facebook, Twitter, WhatsApp and others [49]. By using this apps, users can share 
many activities in their daily life. There are millions of sport apps that function to 
maintain user fitness level by using wearable device. The advanced feature of 
wearable device is that users like athletes in sports can send performances result to 
their coach by sharing their performance activity logs. Meanwhile, the coach will just 
analyse the athlete’s data from the mobile apps anywhere they are using RtMS, 
without having concern to go to the sports centre every day. By having this 
technology, the coach can focus on how to improve the athletes’ performances by 
reading through all the results from the smartphone. 
1.6 Internet of Things (IoTs)-based Solution 
IoTs are a structure of physical things embedded with sensors, processing units, 
actuators, software and connectivity to allow improvement of the performance  
by switching data information with other connected devices, operator  
or manufacturer [50]. The development of the IoTs in sports field is capable to 
improve the sports environment more efficiently in terms of injuries and 
performances. 
The IoTs are game-changing. It is more than ever timely, given that sports 
organisations and teams are exploring networked and wearable devices, both in and 














(i) LED Indicator for Heart Rate Monitoring System [5]; 
(ii) validity and reliability of GPS devices for measuring movement demands of 
team sports [7];  
(iii) sports performance analysis system using inertial measurement units,  
high-FPS video camera, and the Android platform [43];  
(iv) suitability of strain gage sensors for integration into golf club smart sport 
equipment [36]; and 
(v) system and method for wireless monitoring of sports activities [51]. 
 
Knowledge of capturing data on athletic event is not something new.  
Still, there is abundance of data available now and the speed is gathered definitely to 
improve the athlete’s performances. Todays, many apps could be downloaded by 
sport fans to watch how the team performed and which players were the most 
dominant in the game. Anybody that has a Wi-Fi connection and smartphone in fact 
has a coach’s eye view of the game. 
Sports locations are no exclusions from IoT and sports researcher [8], and 
teams could have linked on this intelligence for sharing rich data information. 
Considerably, the influence of IoT in sports depends on the smart building idea for 
tying together current expertise resources. In this way, structure organisation 
software and structure administrator are aware of where people are, what they are 
doing and how much energy they use.  
Besides, the IoT in sports also allows protection for players in a truly great 
approach [36]. Most sports are deliberated for only entertainment. Yet, some are 
undeniably dangerous for the players. That is why some manufacturers have 
constructed devices that are able to track this issue like a player who gets hit or fall 
for example. There is a sensor placed inside the helmet which calculates the impact 
and transmits the data to the coach and the medical team [1]. These assists the 
doctors to find out if it is safe for the players to remain in the field. Sports are among 
the fields that are truly capable to be developed by the IoTs system. IoT has 
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